TFTT.R OF THE INVENTION 



Apparatus and Method fox. CuiiLx oiling EGR In an Engine 

5 BACKGROUND OF THE INVENTION 

The presenr invention relates to an apparatus and 
iiLtj Lliud £ur uonlrcllinq exhaust gas recirculation (£GK) in an 
engine, and more particularly, to controlling of an EGR 
10 valve that adjusts the EGR amount. 

Japanese Laid-open Patent Publication Nos. bb-l4H9. L )[), 
10-238412, and 2000-337172 describe vehicle engines 
incorporating exhaust gas recirculation (EGR) apparatuses* 

15 An EGR apparatus includes a recirculation passage, which 
connects an exhaust passage of the engine to an intake 
passdye ul the engine, and an EGR valve, which is arranged 
in the recirculation passage. Whexi Lhe EGR valve is opened, 
the difference between the prcccurcc of the upstream side 

9 0 and downstream side of the EGR valve sends exhaust gas from 
the exhaust passage to the intake passage through fch* 
xeciiculaLion passaqe. The exhaust gas in the intake passage 
lowcro the combustion temperature in the combustion chanibei.5 
of the engine and suppresses the production of nitrogen 

2b oxi rifts (NOx) . 

Japanese Laid-Open PaLent Publication NO. 8-270454 
describes a vehicle engine incorporating a variable geometry 
turbocharger and an EGR apparatus. The variable geometry 
lit), turhor.hargpr inrlnrip.s a turbine, which is provided with 

variable vanes, and is arranged in r.het ttxhau.st passage. The 
opening degree of the variable vanes are varied to produce 
cupcrcharged pressure even at low engine speeds. Thus, the 
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engine produces high power from low opccd ranges. 

The EGR amount is determiner! tmm the EGR valve opening 
degree and Lh« difference between the pressures at the 
upstream side and downstream side of the EGR valve. An 
electronic control unit (ECU) installed in a vehicle obtains 
the fnial inj Potion amount based on the operating state of 
the engine and obtains a target opening degree of the EGR 
valve coiiespuiidiriq to the fuel Injection amount from a 
predetermined formula used for feedback conLxul. The ECU 
feedback controls the ECR valve so that the opening degree 
ot the EGR valvp bpcomes equal to the target opening degree. 
The formula is set under the assumption that the difference 
between the pressures <*L Lhe upsrream side and downstream 
cidc of the EGR valve is normal. That is, Lhe EGR valve 
target opening degree, which is obtained through the 
formula, arrhipvp.s the optimal EGR amount when the pressure 
difference is in a normal stare. 

Further, the ECU determines whether to perform EGR in 
artoorrisnrp with the operating state of the engine. When 
determining to perform EGR, t.hp ECU actuates the EGR valve 
from a fully closed state ro the target opening degree. 

For example, in a diced engine incorporating a 
variable geometry tnrbocharger, if the depressed 
acceleration pedal is released whpn thp engine is in a high 
speed high load sLaLe and then immediately depressed again 
to accelerate the engine speed, Lhe dillerence between the 
exhaust pressure and the intake pressure temporarily becomes 
greater than the normal value. If the EGR valve ic opened in 
this state, a greater amount, of pxhaust gas is recirculated 
to the ixiLdke passage in comparison with when the ditterenr.e 



between f hp pyhanst pressure and the intake pressure is in a 
normal state. This releases fumes trom the exhaust, pa.sssgp. 

More specifically, when the depressed acceleidLiou 
pedal is released in a state in which the engine 3peed is 
high, fuel injection is stopped, Further, the EGR valve and 
the throttle valve are closed. In this state*, thR variable 
vanes of the variable geometry turbocharger are controlled 
to increase the opening degree. However , the uiuvtsiuenL o£ the 
variable vanes, which are driven through feedback control/ 
is riplayed from the change in the fuel injection amount, 
which is controlled in accordance with the depressed amount 
ul Lhe acceleration pedal, the actuation of the throttle 
valve, and the actuation of the EGR valve, which is 
controlled in accordance with the fuel injection amount. 
Thus, in a short period from when the acceleration pedal is 
depressed, the EGR valve is closed but the variable van«s 
are virtually not moved in Lhe uperiiriq direction. 

The exhaust pressure in the exhaust passage increases 
in a state in which the hlGR valve is closed and the* variable 
vanes are not moved in the opening direction. The intake 
pressure in the intake passage decreases immedieiLely aTLex* 
the depressed acceleration pedal is released oincc the 
throttle? v^lve moves in its closing direction when inortia 
continues to operate the engine in a high speed state. Thi« 
pxuduutj* an excessive difference between the exhaust 
prcooure at the upstream side of the closed EGR valve duid 
the intake pressure at the downotrcam 3ide of the closed EGR 

Vfl 1 VP. . 

when Lhe depressed acceleration pedal is released and 
then depressed again within a short period of time/ Lhe 



variable vanes are maintained at a relatively small opening 
degree until the intake pressure of the int*lcp passage, or 
Lhe auperchdxyed pressure, reaches Its target value, as the 
rotating speed of the turbine incxeases and Lhe intake 
pressure reaches itc target value, the variable vanes move 
in the opening direction. Due to inertia, a certain period 
of time is required for f.h* rotating speed of the turbine to 
increase. Thus, the variable vanes do not move immediately 
in the opening direction even i£ Lhe deceleration pedal is 
depressed again. Accordingly / if the EGR valve is opened 
from a fully closed state when the acceleration pedal ic 
depressed again, the excessive rii f f p.rpnr.p hptween the 
exhaust pressure and the intake pressure causes excessive 
recirculation of the exhaust gas to the iuLake passage. This 
discharges fumcc from the exhaust passage. 

Such events are prominent in riiRsP.l pngines 
iiiuurpuxd Liny variable geometry turbochargers . However, even 
in a dicocl engine incorporating a fixed geometry 
turbocharger or a diesel engine that doco not incorporate a 
turbocharger, when f.hp anr.pl prsti on pedal is manipulated in 
a manner that suddenly changes the engine operating st.at.fi, 
the excessive difference beLween Lhe exhausL pressure and 
the intake pressure may produce fumes. 

SUMMARY OF THK TNVF.NTTON 

It is an object of the presenL iiivtsiiLion Lo provide an 
apparatus and method for controlling EGR in an engine that 
enables optimal control of the EGR amount. 

To achieve the above object, the present invention 
provides an apparatus lux uoiiLrullinu recirculation of 



evhaust gas from an exhaust passage of an engine to an 
intake passage of the engine. The apparatus includes a 
-LwciiLzulciliuii passage connecting the exhaust passage to the 
intake passage. An EGR valve is arranged in Ike 
recirculation passage. The SCR valve varico it3 opening 
degree to adjust the amount of exhaust gas recirculated from 
the exhaust passage to the intake passage. A controller 
controls the EGR valve. The controller obtains a target 
opening degree of the EGR valve in accoidanuw wiLh an 
operating state of the engine and controls the ECR valve so 
that the opening degree of the EGR valve becomes equal to 
the obtained target opening degree. When opening th* F.GR 
valve from a fully closed state, the controller performs £GK 
primary control to restrict the opening degree of the EGR 
valve to a restricted opening degree that is smaller than 
thp target opening degree during a predetermined delay time 
before actuating the EGR valve ro r.he r.arge.r. opening ri«gr«e. 

A further aspect of the present invention is a method 
for controlling recirculation of exhaust gas from an cxhouot 
passage ot an engine to an intake passage* of the engine. The 
method includes varying an opening degree of the EGR valve 
to adjust the amount of exhaust gas i.eciiuuleiLed from Lhe 
exhaust passage to the intake passage through a 
recirculation passage, obtaining a target opening degree of 
the £GK valve in accordance with an operating state of th« 
enqlne, controlling the EGR valve so that the opening degree 
of the EGR valve becomes equal to the obtained LdiyeL 
opening degree, and, when opening the EGR valve from a fully 
closed state, restricting the opening degree of the EGR 
valvfi to a rp.strir.ted opening degree that is smaller than 
the target opening degree during a predetermined delay time 
before actuating the EGR valve Lo Lhe LdJLyeL upexiinq deqree. 



Other aspects and advantages of the present invention 
will become <app<di.eiiL liuiu Lhe following descripLlun, Lciken 
in conjunction with the accompanying drawings , illustrating 
5 by way of example the principles of the invention. 

BRlEf DESCRIPTION OF THE DRAWINGS 

The invention, together with objects and advantages 
10 thereof , may best be understood by reference to the 

following description of the presently preferred embodiments 
together with the accompanying drawings in which: 

Fiq. 1 is a schematic diagram of a diesel enqine system 
according to a first embodiment of the present invention; 
15 Fig. 2 is a map that is referred to when determining 

whpthpr or not to pprform F!GB; 

Fig. 3 is a graph illustrating the EGR return control; 
Fig. 4 is a timing ciidi L illusLxaLiuy Lhe EGR leLurn 
control; 

20 Fig. 5 is a flowchart illustrating the EGR return 

control; 

Fiq. 6 is a flowchart illustrating the EGR return 
control according to a second embodiment of the present 
invention; 

25 Fig. 7 is a graph illustrating the EGR return control; 

Fig. 8 is a graph illustrating EtiK return control 
accordinq to a third embodiment of the present invention; 

Fig. 9 is a graph illustrating EGR return control 
according to a fourth embodiment of the present invention; 
30 Fig. 10 is a graph illustrating EGR return control 

according to a fifth embodiment, of the present invention; 

Fiq. 11 is a qraph illustrating EGR return control 
according to a sixth embodiment of the present invention; 

ft 



Fig. 12 is a graph illustrating ECR return control 
according to a seventh ernhnriiment of the present invention; 

Fiq. 13 is a graph illustrating kkk return control 
according to an eighth embodiment of the present invention; 
and 

Fig. 14 is a graph illustrating EGR return control 
according to a ninth pmhodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A first embodiment according to the present invention 
that is applied to a riifcspil engine system of a vehicle will 
now be discussed with reference to Figs. 1 to 5. 

Referring to Fig- 1, the diesel engine syslem includes " 
a riift.spl engine 1, a fuel injection pump 2, and an 
electronic control unit (F.nu) "J, which controls the diesel 
engine 1 and Lhe fuel injection pump 2. 

The diesel engine 1 includes a plurality of (only uxie 
shown in Fig. 1} r.ylinrters 11A with each cylinder 11A 
accommodating a piston 10. In each r.yl i.nder 11A, a 
combustion chamber 13 is defined between the corresponding 
piston 10 and a cylinder head 12- A plurality u£ fuel 
injection nozzles 14 are arranged in correspondence with the 
cylinders 11A along the cylinder head 12. Each fuel 
injection nozzle 14 has a fuel injection port that is 
exposed in the correspundinq combustion chamber 13 ♦ 
Pressurized fuel sent through a fuel passaqe (not shown) 
from the fuel injection pump 2 is injected from the fuel 
injection nozzle 14 into the corresponding combuction 
chamber 13. The ignition ot air-fup.l mixture in the 
combustion chamber 13 reciprocates the piston 10 in the 



corresponding cylinder 11A. A connecting rod 15 coverts the 
reciprocation of the piston 10 to rotation of a crankshaft 
(ouLpuL shaft) 16. The engine 1 Include* an intake passage 
17, which is coiiiiecLed Lo intake ports of the cylinders 11A, 
and an exhaust pa3 3age 18 , which is connected to eAheiusL 
ports of the cylinders 11A. 

The diesel engine 1 includes a variablp geometry 
turbocharger 20, which serves as a supercharger. The 
variable geometry turbocharger 20 supercharges air from luw 
speed ranges of the engine 1 and increases the torque of the 
engine 1 at low speeds. ThR variable geometry turbocharger 
20 includes a turbine 21, which is arranged in th<=> pxhaust 
passage 10, and a compresaui 22, which is arranged in the 
intake passage 17. The compressor 22, which is driven by the 
rotation torque produced by the turbine 21, supercharges the 
air in the intake passagp i 7 toward the cylinders 11A. 

A plurality of variable vanes 23 are drxduyed in the 
turbine 21 to adjust the flow rate of the exhaust gas 
passing through thp turbine 21. The variable vanes 23 are 
arranged about the axis ot the turbine 71 *nri are supported 
so that they may b« opened and closed. The variable vanes 23 
function as a variable nozzle. A rotation torque, which la 
in accordance with the flow rate of the exhaust gas, is 
applied to the compressor 77. The flow rate of the exhaust 
qas is determined by the pressure ot the exhaust g*s in the 
exhaust passage 18 and Lhe upeninq deqree of the variable 
vanes 23 (i.e. f opening degree of the variably nuzzle) . The 
variable vanes 23 are driven by a diaphragm type actuator 
74. 

The actuator 24 is connected to a vacuum pump (not 



shown), which fnnrf inns as a negative pressure source, via 
an electric vacuum regulating valve (fcVKV) 25, The EVRV 2b 
adjusts the negative pre;ssuitt pxuduced by Lhe vacuum pump to 
move the variable vanes 23 with the actuator 24 in a closing 
direction or opening direction. This varies the opening 
degree of the variable vanes 23, or the opening degree of 
the variable nozzle (VN degree) . The VN degree adjusts thp. 
Iluw fdle of the exhaust qas passing through the turbine 21. 
This, in turn, changes the supercharged pressure produced by 
the compressor 22. For example, a decrease in the VN degree 
inr.rp.asp.s thp force driving the compressor 22 and raises the 
resulting supercharged pressure, un the other hand, an 
iiiCLttcdae in the vn deqree decreases the force driving the 
comprcccor 22 and lowers the resulting supercharged 
pressure. The VN angle is controlled in accordance with the 
operating state of t.hFt c=»nginp. 1 tn produce the supercharged 
pressure that is optimal for the operating state of the 
engine 1. This increases the Lor^ue ul Lhe engine 1 in the 
low speed range and improves the starting capability of the 
vehicle. 

The engine 1 includes an exhaust gas recirculation 
(EGR) device 30. The EGR device 30 returns some of the 
exhaust gas to th© intake passage 17 to lower the combustion 
tpmpp.ratnrp. in the combustion chambers 13 and reduce the 
nitrogen oxides (NOx) included in the exhaust gas. The EGR 
device 30 includes a recirculation passaqe 31, which is 
connected to the intake passage 17/' and an EGR valve 32, 
which is arranged in the recirculation paaoagc 31, The 
rRr.irmlfltion passage 31 connects the part of the exhaust 
passage 18 that is upstream to the r.urbinp. > I to the part of 
Lhe intake passaqe 17 that is downstream to the compressor 
22. The EGR valve 32 includes a diaphragm type actuator 33 



driven by negative prassnr«. A passage connects the 
actuator 33 to an output port of a vacuum switching valve 
(VGV) 35 and an output port of an elecLric vacuum xequlcdLixiy 
valve (EVRV) 36. 

5 

The F.VRV 36 is a three-way elect romagnetic valve, the 
opening degree of which is adjusted through duty control, 
and includes an inpuL port/ which is connected to a vacuum 
pump (not shown) , and an atmospheric port, which is opened 

10 to the atmosphere. The EVRV 36 continuously adjusts the 

npp.ning dflgrpp. of the F.GR valve 32 (i.e., EGR valve opening 
degree) . The VSV 35 includes an input port, through which . 
ciliiLOsphejLic pittsbuie its drawn. The EGR valve 32 is fully 
closed when the VSV 35 i3 switched to a position where the 

15 VSV 35 draws in ambient air. The EGR valve 32 is a lift-type 
valve having a reciprocati ve valv* body that riptprminp* the 
EGR valve opening degree in accordance with the lift amount 
of the valve body . 

20 Various types of devices are provided for the engine 1 

and rhe fuel injection pump 2 to detect the ioad applied to 
Lhe enqine 1 and the operating srare of the engine 1 . More 
specifically, a crank angle sensor 41/ which detects the 
rotational angle, or crank angle, of the crankshaft 16, and 

75 n r.oolant f PTnpftrafnre sensor 42, which detects the 

temperature Tw of the coolant flowing through the engine 1, 
axe ax-ianyed in Lhe cylinder block 11. 

An air cleaner 4 3 is arranged at the inlet of the 
3D intake p^.^ge 17. An air flow meter 44, which detects the 
flow rate of the intake air, and an ar.mospheric r.empe.rature 
sensor 45, which detects the temperature of the atmosphere, 
are located downstream to the air cleaner 43 in the intake 
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passage 17. 



An intercoolei. 4 6 and dii inlake heater 47 are arranged 
downstream to the compressor 22 in the intake passage 17. 
The intsrcooler 4 6 functions as a heat exchanger (cooling 
device) for the air supercharged by the turbine 21. That is, 
the intercooler 46 cools the heated air rnmprR.sspri by the 
Lurbine 21 to increase the density of the air. The intaJce 
heater 47 heats the intake air f for example, duxiny Lhe 
wintertime when the atmospheric temperature io low. A 
throttle valve 48 is arranged in the intake passage 17 at a 
location that is downstream to the intercooler 4h and 
up* Li. earn Lo the intake heater 47. The throttle valve 4 8 is 
driven by a throttle motor 49. A pedal depression sensor 51 
detects the depressed amount of an acceleration pedal 50. In 
accordance with t-.hp. Hp.tpr.feH depressed amount, the throttle 
motor 4 9 adjusts the opening degree of the throttle va1v« 
4 0 , or the throttle opening degree , Lo adjust the amount or 
the air draw into the combuction chamber 13- The throttle 
motor 49 incorporates a fully open switch (not shown}/ which 
detects whether the throttle valve AH i 55 in * position where 
iL is fully opened, when the throttle valve 4 8 is fully 
opened, the fully open switch outputs a fully opened 
detection signal. A pedal switch 52 is arranged in the 
vir.inity of the acceleration pedal 50 to detect that the 
acceleration pedal 50 is not being depressed, that is, to 
deLecL Lhdl Lhe depressed amount of the acceleration pedal 
50 i3 null. 

An intaVe temperature sensor 53 is arranged downstream 
to the intake heater 47 in the int^k-p. passage 17 to detect 
the lemperalure of the intake air. An output port of a 
vacuum switching valve (VGV) 54 is connected to llitr iaLdke 



passage 17 near r.h& int^k-p temperature sensor 53, An intake 
pressure sensor 55 detects the pressure at the output port 
of the VSV 54. In accordance wiLh the switching of the VSV 
54, the intake pressure sensor 55 detects the pressure c*t 
the output port of the VSV 5 A as the intake pressure (i.e., 
superrrhargpri pressure Pb) or detects the atmospheric 
pressure Pa. 

The intake port connected to each combustion chamber 13 
is bifurcated into a helical port and a tangential port. A 
swirl control vaIvp (SCV) is arranged in the tangential 
port. A vacuum switching valve (VSV) 57 applies negative* 
pressure to the SCV 56 to open and close the SCV 56. For 
example, the SCV 56 closes the tangential port if the engine 
1 is being operated in a low load state, cuch ao when the 
vehicle is being driven at a low speed. This increases the 
Iluw idle of the intake air flowing into the helical port 
and produces a strong swirl of all. in eduh combustion 
chamber 13. As a result, the combustion efficiency of the 
Pitt — fuel mixture increases- If the engine 1 is being 
operated in a high load state, such as when the rip.prR.ssed 
amount. u£ the acceleration pedal 50 is large, rhe SUV 56 
opene the tangential port. This increases the amount u£ 
intake air sent supplied to each combustion chamber 13 and 
produces high powpr with the engine 1 . 

The fuel injection pump 2, which is driven by the 
crankshaft 16/ i3 provided with an electromagnetic spill 
valve 60, which adjusts the amount of injected fuel, and a 
time control valvp (TCV) 61, which controls the fuel 
in jeer ion time. The amount of fufil inj«r.tPd trom each fuel 
injection uo*ale 14 is adjusted by controlling the time 
during which the electromagnetic spill valve 60 is eAcited 



to adjust, th<=> spilled fuel amount of the fuel injection 
nozzle 14. Further, the fuel injection time is determined by 
duty-controlling the TCV 61 Lu adjusL Lhe Liming for 
starting the movement of a plunger, which reciprocates in a 
housing of the fuel injection pump 2. The fuel injection 
pump ? is also provided with an engine speed sensor 62, 
which detects the engine speed NE, and a fuel temperature, 
sensur 63, which detects the temperature of the fuel in the 
pump 2. A common rail type fuel injection system may be 
employed. 

An exhaust gas purifying device (oxidation catalyst) bh 
and a diestil pellicula Le filter (not shown) are arranged in 
the exhaust paooage 18 downstream to the turbine 21. The 
exhaust gas purifying device 65 oxidizes the non-combuctcd 
gases included in the exhaust gas tn purify the exhaust gas. 

The detection devices 41, 42, 44, 45, 51 r 52, 53, 55, 
62, and 63 are connected to. an input interface of the ECU 3 
and send detection signals to the ECU 3. Actuators including 
the EVRVs 25 and 36, the VSVs 35, 54, and 57 r the throttle 
mo Lur 4 9, Lhe electromaqnetic spill valve 60, and the TCV 61 
are connected to an output interface of the ECU 3. The ECU 3 
optimally controls the actuators connected to the output 
int*rfar.R hasRri on the detection signals from the detection 
devices connected to the input interface. 

The ECU 3 i3 a controller including a microcomputer 70 
and a memory (e.g., ROM and RAM) 71. The microcomputer 70 
rftr.ftgni 7P.s fhP npprating state of the engine 1 from the 
detection signals of the detection devices. Knrr.h«r, th« 
uiicicjuumpuier 7 0 refers to various types of data, such as 
mapo 3tored in the memory 71 , to determine various types of 



command value** (r.rmtrol values) that are required for 
controlling the engine 1 in accordance with the operating 
state of the enqine 1. 



5 In the first embodiment, the opening degree of the EGR 

VfllvR 3? is feedback controlled- The memory 71 stores a 
program for feedback controlling t.het F.GR valvp. opening 
deyj.ee. In Lhe first embodiment, PID control is employed as 
the feedback control- More specifically, Lhe ECU 3 obtains a 

10 fuel injection amount Qv in accordance with the engine 

operating state, which includes the engine speed NE and the 
throttle opening degree. The required intake air amnnnt Qv 
is genexally correlated with the fuel injection amount Uv. 
Thc ECU 3 aloo obtains a target EGR rate (%) within a ranqe 

15 in which the required air-fuel ratio may be guaranteed. The 
target EGR rate is obtained from the formula of (EGR amount 
/ (EGR amount + intake air amount Ga) ) . to ar.hifivR the 
target EGR rate, the ECU 3 calculates a target EGR valve 
opening degree (%> based on a formula that takes into 

90 consideration various factors. More specifically, the ECU 3 
calculates the fclbK valve opening riegrp.p that achieves the 
idryeL EGR rate based on the intake air amount 0>A, which is 
detected by the air flow meter 44 , with a feedback formula 
(PID control formula) . The target ECR valve opening degree 

2b that arrhipvp.s the required EGR rate when the difference 

between the pressures at the upstream side and downstream 
side ul Lhe EGR valve 32 is normal is obtained through the 
feedback formula. In other words, the feedback £<ji.xuulci is 
set under the assumption that the difference between the 

M) prpissnrfts at the upstream side and downstream side of the 
EGR valve 32 (the difference hsfw^en the exhaust pressure 
Pex and Lhe intake pressure Psc) is in a normal state. 
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Kig. 7 is an Kf4R determination map that is referred to 
when determining whether or not to perform EGR. Th* F.r.n 3 
determines whether the (jittbtnL engine operating state is in 
an operating range that requires EGR (EGR ON xanye) or in an 
5 operating range that does not require ECR (ECR OFF range) 
haspd on the engine speed NE and the fuel injection amount 
Qv by referring to the EUK determination map. Tn Fig. 2, the 
vicinity of a line representing the maximum fuel injection 
amount Qfull corresponds to a high load opei-aLiun tdaqe of 

10 the engine 1. The high load operation range io oct in the 
RCiR OFF rang*. A median/low load operating range of the 
engine 1 is set in the hiliK UN range. The operating rang* in 
which Lhe fuel injection amount Qv is substantially null is 
set in the ECR OFF range- In other words, since high power 

15 is produced when the engine 1 is being operated in a high 

ioad state, EGR is not pprformed. EGR is performed when the 
enyiae 1 is in the median/low range operating stata tn 
decrease the combustion LexuptixciLure arid reduce NOx. when 
fuel is not injected, NOx io not produced. Thus, EGR is not 

?0 performed- The map of Fig. 2 is just one condition for 
determining whether or not to perform F.fiR. Thus, other 
condi Lions may be taken into consideration to 
comprehensively determine whether or not to pttirunu EGR. 

Ah As TTifintinned in the BACKGROUND OF THE INVENTION 

section, if the acceleration pedal hi) is temporarily 
xeleased Ixum d depressed state when the engine 1 is 
operating at a high speed and, immediately af teiwdid, 
depressed to increase the epeed of the engine 1 (refer to 

'AO fr.h* arrows in Fig. 2) , the difference between the exhaust 
pressure of the exhaust, pa.ssagp. ih and the intake pressure 
ul the inLake passage 17 temporally become too large, it the 
ECU valve 32 is opened in this state, the EGR aiuuunL Lends 



T.a hp.rmne evcessive. More specifically, if the acceleration 
pedal 50 is temporarily releaser! from a depressed state when 
the enqine 1 is operating at a high speed, the Injection of 
fuel from the fuel injecLion nozzles 14 is stopped and the 
5 EGR valve 32 is closed to stop performing EGR, However, the 
variable vanes 23 of the turbine 21 arc driven so that the 
opening degree increases as the depressed amount of the 
deceleration pedal 50 decreases . However the operation of 
the variable vanes 23, which are driven through feedback 

10 control, is delayed from the operation of the fuel injection 
nozzles 14, which are controlled in accordance with the 
depressed amount of the acceleration pedal 50 , and the 
opeidLioxi of the EGR valve 32, which is controlled in 
accordance with the fuel injecLiun amount. Thus, during the 

15 short period from when the depressed pedal 50 is xeledsed, 

the tuel injection is stopped and the EGR valve 32 io closed 
buL the variable vanes 23 vi rt.ua M y do not move in the 
opening direcLiuxi. when the EGR valve 32 is closed, ail of 
the exhaust gao flow3 through the turbine 21- However, since 

90 the variable vanes 23 do not move in the opening direction, 
the backpressure ot the turbine 21 increases and the exhauct 
pressure of the acceleration pedal bU increases. In the 
intake passage 17, immediately dl Ler the depressed 
acceleration pedal 50 is released, the throttle valve 48 

2b movfts in the closing direction in a state in which the 

engine 1 is still running at a high speed due to inertia. 
This decreases the intake pressure ot the intak* passage 17. 

If the depressed acceleration pedal 50 is xeleascd and, 
30 within a short period of time, the acceleration pedal 50 is 
depressed again, r.hp. opening degree of the variable vanco 23 
xemciias relatively small until the intake pressure of the 
intake passage 17 , that is, the dlr supply pressure, reaches 



ir.a target value. As the rotating speed of the turbine 21 
increases, the intake pressure reaches its target value. 
Then, the vdiidble vanes 23 move in the opening, direction. 
However , due to the inertia u£ Lhe Lurbine 21, a certain 
amount of time is ncccccary for the rotating speed of Lhe 
turbine 21 to increase. Thus, even if the acceleration pedal 
50 is depressed again, the variable vanes 23 do not 
immediately move In the opening direction, and th* intake 
pressure of the intake passaye 17 does not immediately 
increase. However/ fuel injection is restarted when the 
ar.r.Pleration pedal 50 is depressed again. Thus, the exhaust 
pressure of the exhaust passage 18 increases immediately. 
Thtjielure, when the acceleration pedal 50 is operated as 
dcocribed above, the difference beLween Lhe exhaust pressure 
in the exhaust passage 18 and the intake pressure in Lhe 
intake passage 17 temporarily becomes excessive in 
comparison to when the difference is i. n a normal state. 

In this manner/ in a state in which the difference 
between the exhaust pressure of the exhaust passage 10 and 
the intake pressure at the intake passage 17 is excessive, 
if the depression of the acceleration pedal 50 .starts EGR 
and the EGR valve 32 instanLaneuusly moves to its target 
opening degree, an excessive amount of the exhaust gas is 
rp.tnrned to the intake passage 17. The EGR amount ia 
determined by the fclGR valve opening degree and the 
difference between the exhaust pressure and the intake 
pressure. Thus, even if the EGR vdlve opening degree is 
appropriate, an cxcc33ive difference between the exhdusL 
pressure and the intake pressure may result in an excessive 
EGR amount that would lead to the production of fumes. 
Accordingly, in the first embodiment, to prevent the 
production of fumes when Lhe dcceleraLion pedal 50 is 



operated in a special manner, EGR primary control is 
performed when the h;GK valve 32 is opened from a fully 
closed slaLtt. 



5 Fig. 3 is a graph illustrating the EGR primary control. 

When starting EGR from a state in which EGR is not being 
performed, ECiK primary control is performed to delay the 
timing at which the EGR valve 32 reaches its target opening 
degree by a predetermined time To from when EGR is started 

10 so that the EGR valve 32 does not immediately reach its 

target opening degree. The predetermined time (delay time) 
To is determined talcing into consideration the time required 
for Lhe difference between the exhaust pressure and the 
intake pressure to be converged to the normal value when the 

15 acceleration pedal 50 ie operated in a special manner ao 
rip.sr.rihp.ri ahovp. 

In the first embodiment-, Lhe delay Lime Tu is set Lu d 
value between 200 to 1,000 milliseconds , for example 500 

20 milliseconds. The delay time To is determined in accordance 
with the design concept ot the engine i. The delay time To 
is determined, for example, so that fumes are not produced 
under harsh operating conditions for the engine 1. Although 
the delay time To may exceed one second, it is preferred 

25 that the delay time To be one second or less. 

Durinq Lhe delay time To, the openinq deqree of the EGR 
valve 32 is maintained at a predetermined restricted opening 
degree, which is smaller than the target opening degree. In 
30 the first embodiment, the restricted opening degree is a 

fixed value. Depending on the engine speed NK, fluctuation 
of the neqative pressure applied to the EGR valve 32, which 
is driven by negative presaure, or fluctuation of the 
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difference hpfwppn the pressures at the upstream side and 
downstream side of the SliK vialve 12 causes rhattpri ng of the 
EGR valve 32 in an upwniny degree range that is smaller than 
a predetermined chattering threshold opening degree. In the 
5 first embodiment, to avoid such chattering, an opening 
rlpgree that is slightly greater than the chattering 
threshold opening degree, that is, the vicinity of the 
minimum value of the opening degree range in which the valvp 
opening degree may be stably maintained, is sel as the 

10 restricted opening degree. More epecif ically, the restricted 
oppning degree is a value that is about 10 to 20% of the 
maximum opening degree of the LCaR valve A2- HnwRVPr, the 
resLricLed opeuinq deqree is not restricted to a value in 
the vicinity of the chattering threshold opening degree as 

15 long as it prevents fumes from being produced and is smaller 
than the target. oppning degree. 

The restricted opening degree may be a variable value 
that ie determined in accordance with the operating state of 

20 the engine 1. For example, a certain percentage (%) of the 
target £GK valve opening degree, whir.h is determined in 
accordance with the engine operating state, may be set as 
the restricted opening degree value. AlLexuaLi vely, the 
restricted opening degree may be set in accordance with the 

>!h maximum valne of the engine load during a predetermined time 
(e.g., 0.5 to 2 seconds) before EGR is started. Thp F.GR rate 
duxing EGR primary control may be equalized with the value 
of the difference between the exhaust pressure and Uie 
intake preeeure in a normal state by determining the 

'AO rpstri rfpH opening degree in accordance with a parameter 
Indicating the engine operating state (e.g., intake air 
auiuunl) • 
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Tn the same manner, the delay time To may be a variable 
value that is determined in ar.rorria nrp with the engine 
opera Liuq aLdie. By determining the delay time to in 
accordance with a parameter indicating the enqine operating 
state (e.g», intake air amount)/ the termination of the EGR 
primary control is always enabled immediately after the 
difference between the exhaust pressure and the intake 
pressure is converged to the normal value. A plurality of 
parameters including the inLdke air amount or at least one 
parameter other than the intake air amount may be used as 
the parameter that indicates the engine operating otate to 
determine the restricted opening riagrpe and the delay time 
To. 

When performing BCR valve primary control, the EGR 
valve* is maintained in a state opened at the restricted 
opening degree and not in a clnsprt state. This is due to two 
reasons- The first reason is in that EGR is performed during 
the delay time To at a level that does not produce fumes Lo 
maintain the NOx reduction effect. That is, in addition to 
delaying the timing for starting EGR, the EGR amount is 
controlled at an appropriate amount during the. d«lay time To 
to reduce NOx and suppress Hie production of fumes. Another 
reason is in that if the ECR valve 32 is closed during the 
delay time To, it would take time for the difference between 
the exhaust pressure and the intake* pressure to be converged 
Lo the normal value. By opening the £b*R valve to th<* 
restricted opening degree, which is smaller than the target 
opening degree, exhaust gas flows into the intake pdssaye 
17, and the difference between the exhaust pressure and the 
intake pressure is quickly converged to the normal value. 



When EGR primary conliul is being performed, feedback 



r.onl-rol. is prohibited to avoid errongous learning, and the 
EGR valve 32 is open loop control Ircd. A* described above, 
the feedback control is performed based on the intake air 
amount detected by the air flow meter 44 , that is, che 
amount of new air drawn into the intake passage 17 with the 
PID formula. However, during the EGR primary control, the 
new intake amount fluctuates since the EGR amount is not 
stable. Thus, a compensation clause, and especially, *n 
integral clause, in the PID formula is erroneously learned. 
This causes hunting of the valve body in the EGR valve 32. 
Therefore, to avoid problems such as hunting when performing 
EGR primary control, the EGR valve .1? is open loop 
controlled. 

Fig. A is a timing chart illustrating the EGR primary 
control. Tn Pig. 4, starting from the top row, the 
transitions of the EGR valve opening ripgree EPEGFIN, a 
determination Tidy F, a count value T of a time measuring 
counter, and the ECR rate (%) are shown. 

The £GR valve opening dp.grpp KPEGFIN represents an 
opening command value of the £bK valve SZ. In the chart 
illustrating the transition of tliw EGR valve opening degree 
EPEGFIN, the double-dotted broken line represents the target 
EGR valve opening degree TPEGFIN, which is used to feedback 
control the fcibK valve 32. The sing ! e-riottftd broken line 
represents the chattering threshold opening degree EPEGOF, 
or the minimum threshold value EPEGOF of the EGR valve 
opening degree range that avoids chattering. The EGR valve 
39 is controlled so that its opening degree is smaller than 
the chattering r.hrftshnlrl opening degree EPEGOF but greater 
than 0%. For example, when the obtained £(iR valve opening 
degree EPEGFIN is smaller than the chattering threshold 
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opening rlpgrp.p F.PRGOF, the EGR valve opening degree EPRGFIN 
is set to 0%. 

The chattering threshold opening degree EPEGOF has a 
5 hysteresis- That is, the chattering threshold opening degree 
F.PF.GOF actually has a first value and a second value, which 
is smaller than the first value. When the prp.sp.nt F.GR valve 
upeninq degree EPEGFIN is 0%, the chattering opening degree 
EPEGOF is used as the first value. Accordingly , when the EGR 

10 valve opening degree EPEGFIN increases from 0%, the EGR 

valvR opening degree EPEGFIN changes suddenly from 0% to the 
first value or greater, if the present EGR valve opening 
deyiwe EPEGFIN is greater than the chattering threshold 
opening degree EPEGOF, the chattering threshold opening 

15 degree EPEGOF is used ae the second value. Accordingly, when 
the EGR valve opening ripgree EPEGFIN decreases, the EGR 
valve opening degree EPEGFIN changes suddenly from thp 
second value to 0%. 

20 The determination flag F is used to determine whether 

or not to perform tICiR primary control. Whp.n thp 
determination flaq F switches from OFF to ON, the fciGR 
primary control is started. When the determine* Liuxi ridg F 
switches from ON to OFF, the EGR primary control io 

75 r.ompl fit pH . When the EGR primary control is being performed, 
the EGR valve opening degree hltfECii'iN is held at. the 
xtisLricled upeninq deqree (EPEGOF + EPEGRAD) during the 
delay time To. The restricted opening degree is a vdlue llial 
is greater than the chattering threshold opening degree 

30 P.PF.nOP hy the predetermined value EPEGRAD- Further, the 
delay time To is set at, for example bUU milliseconds as 
described above. The delay time To is measured based on the 
count value T of the time measuring counter . 
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when the EGR primary control is being performed, *s 
shown by the hatched range A in Fig. 4, the actual EGR rate 
io alway3 kept at a value that is less than ui wuudl Lo the 
5 required EGR rat© in a state in which the difference between 
thfi exhaust pressure and the intake pressure is normal- The 
predetermined value which is used tn rifltprmine the 

LwaLricted openinq deqree, is set so that the fciCiK rate is a 
value included in range A during EGR primary couLiol. Thus, 

10 the production of fumes is prevented. When the ECR valve 32 
is fRftdhflrk r.ont rolled, a target opening degree is 
determined from the required UbK rate under the assumption 
that the difference between the exhaust gas and the intake 
gas is normal. Thu3, when the EGR valve 32 is opened Lu the 

15 target opening degree in accordance with the feedback 

control, the excessive* difference between the pressures at 
Lhe upstream side (exhaust pressure) and downstream sin* 
(intake pressure) of the EGR valve causes the actual EGR 
rate to be included in hatched range B of Fig. 4. In other 

?n words , the actual EGR rate exceeds the EGR rate that ic 
required when the difference between the ftxhan.si- pressure 
d ad Lhe intake pressure is normal and causes the production 
of fumc3. 

2b Further, as shown in Fig. 4, when shifting from EGR 

primary control to EGR feedback control as the delay tim« To 
elapses, tliw EGR valve 32 is controlled so that the EGK 
valve opening degree EPEGFIN matches the target opening 
degree TPEGFIN for feedback control during the period the 

liU EGR valve npp.ning degree EPEGFIN is not lower than the 
second value of the chattering r.hrp.shoin opening degree 
EPEGOF. EGR primary control, or open loop control, is 
performed when the EGR valve opening degree EFEGFIN wxueeds 



the fir.sr. va I hr of the chattering threshold opening degree 
EPEGOF after reaching 0%, which is lower than the second 
value of the chattering threshold opening degree EfKUUK. 
Thus, the EGR valve opening degree EPEGFIN is held at the 
restricted opening degree, which io smaller than the target 
opening degree TPEGriN for feedback control. When the EGR 
valve opening degree repeats £.1 uctnati nn about the 
chdLLexiaq threshold opening degree timior, hunting of th« 
ECR valve 32 becomes relatively large (refer to the upper 
double-dotted line in Fig. 4) when performing feedback 
control . However, the hunting of the EGR valve 32 ic 
suppressed by performing the EGR primary control (refer to 
the upper solid line in Fiq. 4) . 

Fig. 5 is a flowchart illustrating the procedures of 
the EGR primary control . When the engine 1 is being, 
uuerdled, the ECU 3 performs the procedure** 1 I Uistrated in 
Fig- 5 in predetermined Lime intervals (10 milliseconds) in 
accordance with a program otored in the memory 71. 

In srep S10, the ECU 3 determines whether the 
conditions for starring EGR primary control are satisfied. 
The ECU 3 determines that the condi Lions for startinq EGR 
primary control are satisfied when all of the following 
conditions are satisfied. The final EGR valve opening degree 
EPEGFINOL, which was set when the routine was. performed in 
the pittvious cycle/ is 0%; the present target LGR valve 
opening degree TTEGFIN is greater than 0%; the engine speed 
NE is greater than or equal to a predetermined threshold 
value NF.o; *nd the fuel injection amount Qv is greater than ■ 
or equal to a predetermi np.ri threshold value Qvo- The final 
opening degree EPEGFINOL is the opening degree command vain* 
of the EGR valve 32 that was set when Lhe ruuline was 
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pertor-mprl in the previous cycle. The present target opening 
degree TPEGFIN is obtained in another routine through the 
PID formula described above. The threshold value NEo of the 
engine speed NE is a value between, for example, 500 to 
5 1,000 rpm. The conditions related with the engine epeed NE 
and the fuel injection amount Qv may be eliminated from the 
conditions for starting the EGR primary control. Fnrthp.r, 
conditions other than those described above may be added to 
the EGR primary control starting conditions. The ECU 3 
10 proceeds to step S20 when the EGR primary control storting 
conditions are satisfied and proceeds to step S30 when the 
conditions are not satisfied. 

In 3tep £20, the ECU 3 causes the determination flag F 
15 to go ON and prohibits feedback control. More specifically, 
In the PTD formula, trip P.rtl 3 sets the proportional clause 
to zero . and prohibits updating of the integral clause to 
prohibit feedback conLiul. 

20 In step S30, the ECU 3 determines whether the 

determination flag t' is ON. The ECU J proceeds to stpp S4D 
if the determination flag F Is ON and proceeds to step 3100 
if the determination flag F is OFF. 

95 In step S40, the ECU 3 determines whether the present 

target opening degree TtffcCifc'lN, which is obtained through the 
PID formula, is not 0%. The ECU 3 proceeds to step S50 if 
the present target opening degree TPEGFIN is not 0% and 
proceeds to step S90 of the present target opening degree 

30 TPEGFIN is 0%. 

In step S50, the ecu 3 increments the count value t of 
the time measuring counter. In step 3G0, the ECU 3 
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determi nea whPther the count value T is less than or equal 
to the delay time to (e.g., 500 milliseconds). Th* ECU 3 
proceeds to step S7 0 when Lhe count value T is less than or 
equal to the delay time To and proceeds Lo slep S80 when the 
5 count value T exceeds the delay time To. 

In step S70, the ECU 3 newly sets thp restricted 
uptsniny deqree (EPEGOF + EPEGRAD) and not the present targp.t 
opening degree TPEGFIN, which is obLaiaed Lhruuqh the PID 

10 formula, as the present target opening degree TPEGFIN. In 
step S100 r the ECU 3 sets the present target opening degree 
TPEGFIN as the final opening degree EPEGFTN, th*t Is, as the 
opening dwyree command value of the EGR valve 32. When 
shifting from step G70 to S100, the restricted opening 

15 degree (EPEGOF + EPEGRAD) is set ao the final opening degree 
fcifEGFIN. The ECU 3 *1 so stores the final opening degree 
efegfin as the previous final opening degree kprc;ftnol for 
the next cycle of the xuuLiiie. 

70 Therefore, when the EGR primary control starting 

conditions are satisfied (YES in step Sin), feedback control 
is pruhibiLed, and EGR primary control (open loop control) 
for maintaining the EGR valve opening degxee at Die 
restricted opening degree (EPEGOF + EPECRAD) io performed 

2b (steps S70 to 5=570) . The EGR primary control is continued 
durlnq the period in which the counter value T of the* time 
measuring cjuuuLer reaches the delay time To. in step S6U, 
when the count value T exceeds the delay time Tu, the ECU 3 
proceeds to step S80. 

In step S80, the h:c:u 3 st=>ts the present target opening 
deyj.ee TPEGFIN, which is obtained through the FID formula, 
qo the present target opening degree TPEGFIN- The ECU 3 also 



resets the counter value T of the time measuring counter Lu 
zero and sets the rifitP.rmlnation flag F to OFF. Afterward, 
the ECU 3 proceeds to step SI 00. 

Accordingly, the EGR valve opening dtiyree is maintained 
at the restricted opening degree (e.g., 20%) during the 
delay time To from when the EGR primary control ic otarted. 
Then, the target opening degrep is increased (e.g., to 60%), 
based on the PID formula, and feedback control is performed. 

When performing EGR primary control, if the targe L 
opening degree To, whirh is based on the PID formula, 
becomes 0% (NO in step S40) , the KC.U 3 proceeds to step S90. 
In step 390, the ECU 3 reseLs the count value T Of the timp 
meaeuring counter to zero and sets Lhe determination flag *' 
r.n OFF. This completes the EGR primary control. In other- 
words, after rhe kc-jk primary control is started, the EGR 
primary conLrol is completed either when thft target opening * 
degree TPECFIN, which is based un Lhe PID formula, becomes 
0% or when the delay time To elapses. 

The ECU 3 controls the F.VRV 36 or the VSV 35 in 
accordance with Lhe final opening degree LFtlCifc'lN that i« set 
in step S100 to adju3t the opening degree uf Lhe EGR valve 
32. 

The first embodiment has the advantages described 
below. 

(1) When EGR is performed from a state in which the EGR 
valve 32 is closed, EGR primary control is firot performed. 
During the EGR primary control, the EGR valve 32 is held at 
the restricted opeainq deqree, which is smaller than thp 
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target opening degree baaed on t hp Prn formula, during the 
delay time To. Then, the EGR valve 32 is actuated to achieve 
the target opening degree, which is based uu the PID 
formula. Accordingly, even if EGR is started when the 
5 difference between the pressures of the upstream side and 
downstream si rip nf fhp F.GR valve 32 is excessive, exhaust 
gas is prevented from being excessively returned to the 
intake passage 17, diid the discharge of fumes from the 
exhaust paccagc 18 i3 suppressed. The EGR primary control of 
10 the first embodiment is especially effective for suppressing 
the discharge of fumes. 

(2) During the delay Lime Tu in EGR valve primary 
control, the EGR valve 32 ic not maintained in a closed 

15 state but opened at the restricted opening degree. Thus, 
during £GK primary control, exhaust gas is rpf.nrnpri to the 
intake peiaseiqe 17 Lu reduce NOx. In addition, the difference 
between the exhaust pressure and the intake pressuxe is 
quickly converged to the normal value. This minimize© the 

20 rip. 1 ay timp and enables quick shifting to normal feedback 
control from EGR valve primary control. 

(3) In the first embodiment, the restricted opening 
degree and the delay time To are fixed values that do not 

25 affect the engine operating st.afp. Thus, the restricted 
opening deqree and the delay time To do not have to be 
calculated* This decreases Hits load applied to the ECU 3 
during EGR valve primary control. 

30 (4) When EGR primary r.ontrnl is being performed, 

feedback control is prohibited, and the EGR valve 32 i s opp.n 
loop controlled. This dvuiiis the occurrence of hunting In 
the EGR valve 32 that would be caused by instability of the 
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EGK amount . 

(5) The restricted opening degree of the ECR valve 32 
io set at a value Lhat would avoid chattering. Thus, when 
5 EGR primary control is performed, Lhe opening degree of the 
F.GR valve 32 does not become lower than Lhe chattering 
threshold opening degree, and chattering does not occur. 

A second embodiment according to th* present invention 
10 will now be diccu33ed with reference to Figs. 6 and 7 

centering on the points differing from the first embodiment. 

Fiq. 6 is a flowchart illustrating the procedures of 
ECR primary control in Lhe second embodiment. In step S210, 
the ECU 3 determines whether Lhe conditions for starting EGR 
primary r.ontrol are satisfied. The ECU 3 determines that the 
conditions for smarting EGR primary control are satisfied 
when all uf Lhe following conditions are satisfied. The 
final ECR valve opening deyree EPEGFINOL, which wa* set when 
the routine was performed in the previous cycle, is 0%; the 
present target EGR valve opening, degree TTEGFIN is gxeaLer 
Llidfi 0%; and the actual intake air amount GA io less than or 
equal to a predeLerxuined threshold value GAo. In other 
words, step S210 differs from step S10 of Fig. 5 in that the 
conditions related with the engine speed NE and the fuel 
injection amount Qv are eliminated and in that the condiLion 
ol Lhe actual intake air amount GA is added instead. 

The actual intake air amount GA is detected by the air 
f low meter 44 (refer to Fig, 1) . The appropriate EGR rate 
cannot be guaranteed when the actual intake air aiuuunL GA Is 
small. The threshold va I ti« GAo of the actual intake air 
amount GA corresponds to the minimum va I \m of the actual 
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intake air mount that guarantees the appropriate EGR idle. 
Accordingly, in step S2in, the actual intake air amount GA 
being less Lhan or equal to the predetermined threshold 
value and thus not beixiq able to guarantee the appropriate 
EGR rate is employed as one of the EGR primary control 
start ing conditions - 

The ECU 3 proceeds to step S720 when the EGR primary 
control starting condiLions are satisfied in step S?10 and 
proceeds to step S230 when the conditions are not satisfied. 

The processing performed in steps S220, S230, S240, 
S25Q, S260, S270, and S320 respectively correspond to the 
processing performed in sLeps S20, S30, S40, S50, S60, S70, 
and S100. Thus, thc3e steps will not be described - 

Thus, when the KC5K primary control starting conditions 
are satisfied (YES in step S210), the EGR primary control 
(open loop control) for maintaining the EGR valve opening 
degree at the restricted opening degree (EPEGOF + EFEGRAD) 
is performed during the delay time To. In step S2G0, when 
Lhe count value T exceeds the rip.lay time To, the ECU 3 
proceeds to step S280. 

The processing performed in steps 3200 to S300 differs 
from the processing performed in the routine of Fig. 5. In 
steps S280 to S300, as shown in Fig. 7 r a process for 
gradually increasing Lhe EGR valve opening degree from the 
restricted opening degree to the Ldrqet opening degree, 
which is based on the PID formula, is performed. Thai is, a 
grading process ot the EGR valve opening degree is 
performed. More specifically, in step S280, the ECU 3 
determines whether Lhe present target opening degrpp. 



TPKKKIN, which is obtained through the PIG formula, is 
greater than a value obtained by adding a gradual increasing 
value APEGFIN Lo the final opening degree EPEGFINOL of the 
previous cycle (EPEGFINOL + APEGFIN) . The gradual incxedsinq 
5 value APZGFIN is, for example 2%. When the determination of 
step S280 is YES, the ECU 3 proceeds to step S290. 

In step S290, the ECU 3 renews the present target 
opening degree TPEGFIN with the value obtained by adding * 

10 gradual increasing value APEGFIN to the final opening degree 
P.PRGFXNOL of the previous cycle (EPEGFINOL + APEGFIN) . In 
the same manner as in step 3100 ot fig. the ECU li sets 
Lhe present Larqet opening deqree TPEGFIN (in this case, 
value (EPEGFINOL i AFEGFIN) ) as the final opening degree 

15 (opening degree command) EPEGFIN and ctorcc the final 

opening degree RPF.C5FTN as the final opening degree EPEGFINOL 
of the previous cycle. 

Accordingly, whenever the routine of Fig- S is 
20 performed, the EGR valve opening degree is increased 

gradually by the gradual increasing value APKGFTN (rpfnr to 
Fig. 7). 

When the determination of step S280 is NO, that is, 
75 vhp.n the present target opening degree TPEGFIN, which is 

obtained through the FID formula, is less than or equal to 
value (EPEGFINOL + APEGFIN) , the ECU 3 proceeds to Step 
S300. In step 5300, the ECU 3 sets the present target 
opening degree TPEGFIN , which io obtained through the FID 
3D formula, as the present target opening degree TPEGFIN and 
sets the determination flag K to owv. in this manner, the 
EGR primary control is completed and normal feedback control 
is performed. 
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ir'or example, it may be assumed that the restricted 
opening degree of r.hp RGR valve 32 is 20% , the gradual 
increasing value AFEGFIN is 2%, the* target opening degree 
5 TPEGFIN based on the PID formula Is 60%, and the routine of 
Fig. 6 is repeated every 10 milliseconds. In such a case, 
the grading process of the EGR valve opening degxee 
increases the EGR valve opening degree by 2% every ten 
milliseconds from the restricted oppni.ng degree of 20%. 

10 After about 200 milliseconds elapses from whp.n the grading 
process starts, the target opening degree TPEGFIN, which is 
based on th* PTD formula, reaches 60%. This sets the 
determination flag F to OFF and the ECU 3 proceeds to 
feedback conLxol from open loop control . In feedback 

15 control, the EGR valve is controlled to achieve th« target 
opening degree TPEGFIN, which is based on the PID formula. 

When the delay time To of the first embodiment 
illustrated in Figs. 1 lo 5 is 500 milliseconds, in the 

20 second embodiment, the delay Lime To is set at a time that 
is shorter than 500 millisecondo, for example, 300 
milliseconds. That is, the delay time To in the second 
embodiment, is set so that the time for entirely performed 
the EGR primary control, which includes the grading process, 

75 is about the same ao the delay time Tu in the first 

embodiment. The EGR valve opening degree that is gradually 
increased during the grading process corresponds to the 
restricted upeninq degree, which is smaller than the target 
opening degree based un the PID formula , in th« same manner 

30 as when the EGR valve opening degree is maintained at a 

constant value during the delay time To. Fui.Lher, the period 
during which the grading process is performed corresponds Lo 
part of Lhe delay time during which the EGR valve opening 
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degree is resr.ri r.ted to an opening degree that is smaller 
Lhdii d tarqet opening degree based nn the PID formula. 

Further, the delay time Tu and the restricted opening 
degree do not have to be fixed values and may be variable 
values that are determined in accordance with various 
parameters, such as those indi rating the engine operating 
state, as described in the. first embodiment, which is 
illustrated in Figs. 1 to 5. 

In addition to the advantages obtained in the first 
embodiment, which is illustrated in Figs. 1 to 5, the eecond 
embodiment ha* Lhe advantages described beJow. 

The EGR valve opening degree is gradually increased 
from the restricted opening degree to the target opening 
degree, which is obtained through the PID formula- The 
ohifting from EGR primary control to normal feedback control 
is performed smoothly without any overshoe Ling of the EGR 
valve oppning degree. 

When deLermininq whether or not to perform EGR primary 
control, the actual intake air amount GA is taken into 
consideration. The actual intake air amount GA being 
relatively small is employed as one of the ECR primary 
conLxol starting conditions. In oth«r words f when opening 
the EGR valve 32 lo the target opening degree., which is 
obtained through the PID formula, in d state In which the 
difference between the intake pressure and Lhe exhaust 
pressure is ftyr.p.ssive and the actual intake air amount GA is 
LtilaLively small, the possibility of the actual EGR rate 
exceeding Lhe desired EGR rate is extremely high. Thus, EGR 
primary control is performed only when the actual intake aj r 
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amount GA is small. As a rcoult, the frequency Tor reducing 
the EGK amount in *n unnecessary manner is minimized. 

It should be apparent to those sJciileri in the art that 
the present invention may be embodied in many other specific, 
forms without departing from the spirit ui scope of the 
invention. Particularly, it should be understood that the 
present invention may bo embodied in the following forms. 

The ECR primary control does not have to be performed 
as described in the above embodiments and may be performed 
as described in the embodiments of Fige. 8 to 14 . In the 
same manner as in the second embodiment illustrated in Figs. 
6 and 7, in a thixd embodiment of the present, invention 
illustrated in Fig. 0 and a luurLh embodiment of the present 
invfinti.cn illustrated in Fig. 9, after maintaining Lhe EGR 
valve opening degree at the restricted opening degree duriny 
the delay time To, the fcliK valve opening degree is gradually 
incrcaocd from the restricted opening degree to the target 
opening degree. However, in the embodiments of Figs. 8 and 
9, the EGR valve opening degree is increased from the 
restricted opening degree to the target opening degree in a 
curved manner. That is, in the third embodiment of Fig. 8, 
the EGR valve opening degree is increased SO that the 
increasing amount of the valve opening degxew per unit time 
gradually decreases as time elapses. In the fourth 
embodiment of tig. 2, the F.ftR valve opening degree io 
increased so thaL the increasing amount ot the valve opening 
degree per unit time gradually increases as time elapses. 

Kigs. 10 to 12 each show an embodiment according Lu the 
present invention. In e*rh of these embodiments, the EGR 
valve opening deqree is gradually increased from 0% to the 
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Target opening degree throughout the entire period during 
which UbK primary control is performed. In a fifth 
embodiment illustrated in Kig. 10, the EGR valve opening 
degree is increased in a linear manner so that the 
5 increasing amount of the valve opening degree per unit Mme 
is constant. In thic case, the EGR valve opening degree Yi 
is represented by Yi-l+A in which Yi-1 is the EGR valve 
opening degree ot the previous cycle and A is a 
predetermined constant. 

10 

In a sixth embodiment illustrated in riq. 11 , the t*iK 
valve opening degree is increased in a curved manner so LhdL 
Lhe increasing amount of Mm valve opening degree per unit . 
time decreases as Lime elapses, in this caff a, the EGR valve 
IS opening degree Y is represented by AEGR/A, in which AEGR is 
thA deviation between tho prcoent EGR valve opening degree 
and the target. K.r;R valve opening degree , and A is a 
predetermined constant. 

20 In a seventh embodiment illustrated in Fig. 12, the EGR 

valve opening degree is increased in a curved manner su that 
the increasing amount nf the valve opening degree per unit 
time increases as time elapses- in this case, the EGR valve 
opening degree Y is represented by AEGR/A, in whi r.h A EGR is 

75 the deviation between the present EGR valve opening degree 
and the target EGR valve opening degree, and A is a 
predetermined constant. 

In an eighth embodiment illustrated in fig. 13, the EGR 
30 valve opening degree ic held at 0% (entirely closed state) 

during the delay tim<& To. That is, in the eighth embodiment, 
the timing for starting EGR, which is in accordance with 
feedback conlxol, is delayed by the riel*y time To. This 



corresponds r.o a state in which the re trictcd opening 
degree is set: to 0%. 

In a ninth embodiment of Fiy . 14, during EGR primary 
control, the EGR valve opening degree is gradually 
increased. 

To perforin EGR primary control, the FGR primary 
controls of the above embodiment may be combined together. 
For example, the control of the 3econd embodiment 
illustrated in Fig. 11 may be performed in the former half 
of the EGR primary control, and thp control of the 
embodiment illustrated in rig. 11 may be pertormpd in tho 
latter half of the EGR primary conlrul. Alternatively, the 
EGR valve opening degree may be increased in a linear manner 
in one of the termor half and latter half of the EGR primary 
control and increased in a curved manner in the othor one of 
the former half and laLLer half. Further, when the EGR valve 
opening degree ie gradually being increased, Lhe EGR valve 
opening degree may temporarily be held at a certain opening 
deqree. In addition, when thP. F.GR primary control is being 
performed, a process for decreasing the F.GR valve opening 
degree may be performed. In this -manner, during EGR primary 
nrmtrol, the EGR valve opening degree may be controlled in 
any manner as Inng as it is smaller than the target opening 
degree . 

The prcocnt invention is noL limited to a dlesel engine 
incorporating a variable geometry turbocharger and may be 
applied to a dipsel engine that incorporate:: a oupercharger, 
which is not a variable gp.nmetry turbocharger , or a diced 
engine thaL does not have a supercharger. Thp present 
invontion may be applied to an engine other than a diesel 
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engine, snch as a gasoline engine, as long as Lhe engine 
incorporates an EGR riRvice. In other wordo, regardless of 
the type of Lhe engine, the k.c;r primary control of the 
prcocnt invention may be employed to suppress the production 
5 of fumes as long a3 there is a possibility of the diffprenco 
between the pressures at the upstream side and downstream 
side of the EGR valve becoming excessive when EGR is 
staxled. 

in The EGR valve does not have Lu be driven by negative 

pressure and may be driven in any way. Fur example, an EGR 
valve that uses an ftl metric motor as an actuator may be 
employed. If the EGK valve is motor-driven, chattering, 
which may occur when employing negative pressure to drive 

lb the EGR valve, does not occur- This widens the rang* in 

which the restricted opening degree of the EGR valve is set 
. Lu further cover a Inwer range than when using negative 
pressure to drive the EGR valve. Thus, primary control is 
performed in a further optimal and accurate manner. 

21) 

The present pvamples and embodiments are to be 
cunsidered as illustrate v* and not restrictive, and the 
invention is not Lo be limited to the details given herein, 
but may be modified within the scope and equivalence of the 
25 appended claims. 
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